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[57] ABSTRACT 
In an NMR imaging method, the phase encode amount 
applied to the respective echo signals in the same se 
quence of operation are made to have different values 
and the phase encoding magnetic ?elds Gen are made to 
disorder the phases of the NMR signals so as not to 
generate stimulated echo signals. In another aspect, the 
time periods of application of the signal reading mag 
netic ?eld Gp applied between the 90° RF pulse and the 
180° RF pulse are made to have different values equal in 
number to the chemical shifts. By varying the time 
period of application of the signal reading magnetic 
?eld, spin echo signals having different phase variance 
amounts due to the different chemical shifts are gener 
ated before or after the time point at which the spin 
echo due to the RF pulse is expected to occur. Accord 
ingly, control difficulties for synchronizing the RF 
pulse and the slicing magnetic ?eld and shifting them by 
the same time length is avoided wherein two chemical 
shifts can be separated. 

9 Claims, 5 Drawing Sheets 
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MAGNETIC RESONANCE IMAGING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of mag 
netic resonance imaging for imaging the internal struc 
ture of substances utilizing nuclear magnetic resonance 
(NMR) or electron spin resonance (ESR). In one aspect 
of the invention, it relates more particularly to slice 
imaging which produces a plurality of images by means 
of multiple echoes. In another aspect of the invention, it 
relates more particularly to slice imaging which utilizes 
chemical shifts which differ depending on the chemical 
status of the particular substance. 
FIG. 1 shows an example of a conventional NMR 

imaging apparatus. This apparatus comprises a static 
magnetic ?eld generator 51 for applying a static mag 
netic ?eld to a sample 50 to be examined, such as a 
human body, an RF (radio frequency) coil 55 for sup 
plying an RF energy to the sample 50 and receiving an 
NMR signal from the sample 50, and gradient magnetic 
?eld coils 60,62 and 64 for applying gradient magnetic 
?elds to the sample 50. 
The RF coil 55 irradiates RF pulses which are gener 

ated at a transmitter 58, and transmitted via the trans 
mit/receive switch 57 and a matching unit 56. NMR 
signals from the sample 50 are received by the RF coil 
55, and transmitted via the matching unit 56 and the 
transmit/receive switch 57 to a receiver 59. 
The gradient magnetic ?eld coils 60, 62 and 64 are 

respectively connected to the gradient magnetic ?eld 
power supplies 61, 63 and 65 for generating gradient 
magnetic ?elds in the X-axis, Y-axis and Z-axis direc 
tions respectively. Here, the magnetic ?eld generated 
by the Z-axis gradient magnetic ?eld coil 64 is the slic 
ing magnetic ?eld Gs for designating the slice plane. 
The magnetic ?eld generated by the X-axis gradient 
magnetic-?eld coil 60 is the signal reading magnetic 
?eld Gp for collecting signals. The magnetic ?eld gen 
erated by the Y-axis gradient magnetic ?eld coil 62 is 
the phase encoding magnetic ?eld Gen. 
A computer 52 generates control data for the imaging 

apparatus, and generates images in accordance with the 
NMR signals from the receiver 59 by means of two-di 
mensional Fourier conversion. The computer 52 is asso 
ciated with a console unit 53 for manual input of com 
mands and data and a display unit 54 for displaying the 
generated images and other data. 
A sequence controller 67 controls various operations 

of the entire apparatus, such as irradiation of the RF 
pulses, reception of the NMR signals, generation of the 
gradient magnetic ?elds Gs, Gp and Gen, and operation 
of a diagnosis table driving unit 66. 
FIG. 2 is a timing chart for explaining a prior art 

multi-echo imaging method. 
In this imaging method, a slicing magnetic ?eld Gs 

(B1) is applied to designate the slice plane at the same 
time as the irradiation of a 90° RF pulse (A1) for gener 
ating an NMR signal. After that, a slicing magnetic ?eld 
Gs (B2) of the opposite polarity is applied to rectify the 
disorder of the phase of the nuclear spins. The areas B1 
and B2 shown by hatching in FIG. 2 are set to be equal 
to each other. 

Subsequently, a reading magnetic ?eld Gp (D1) and a 
phase encoding magnetic ?eld Gen (C1) are applied. 
The reading magnetic ?eld Gp (D1) is applied for caus 
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2 
ing disorder in the phase of the NMR signals in the 
direction of reading. 

Subsequently, a 180' RF pulse (A2) and another slic 
ing magnetic ?eld Gs (B3) are applied 71 after the peak 
of the 90° RF pulse. This will produce a spin echo signal 
(E1) 1'1 after the peak of the 180' RF pulse (A2). The 
reading magnetic ?eld Gp is applied in such a way that 
the area of D2 equals the area of D1. 

In order to read the spin echo signal (E1), another 
reading magnetic ?eld Gp (D3) is applied immediately 
following the reading magnetic ?eld (D2) without inter 
ruption. 

In order to produce a second spin echo signal (E2), 
another 180° RF pulse (A3) having a peak 1-2 after the 
generation of the spin echo signal and another slicing 
magnetic ?eld Gs (B4) are applied. The reading mag 
netic ?eld Gp (D4) is applied in such a way that the area 
of D4 and the area of D3 are equal to each other. An 
other reading magnetic ?eld Gp (D5) is applied without 
interruption. A second spin echo signal (E2) is then 
obtained. 

In order to obtain a third spin echo signal (E3), in the 
same manner as described above in connection with the 
generation of the spin echo (E2), a reading magnetic 
?eld Gp (D6) is applied in such a way that the area of - 
D6 equals the area of D5. Similarly, another reading 
magnetic ?eld Gp (D8) is applied in such a way that the 
area of D8 equals the area of D7. 
The above-described sequence of operations yields a 

series of signals for one direction of reading. In order to 
obtain an image of a predetermined matrix size, the 
phase encode amount is varied, i.e., the amplitude of the 
phase encoding magnetic ?eld Gen (C1) is varied by a 
predetermined amount between succesive sequences of 
operations, and series of echo signals (E1), (E2), (E3) 
and (B4) are collected a number of times corresponding 
to the matrix size. The computer 52 reconstructs a mul 
ti-echo image from the echo signals (E1), (E2), (E3) and 
(E4) thus obtained. 
A problem associated with the method of FIG. 2 is 

that it is possible that an NMR signal generated because 
of the imperfection of the 180° RF pulse, is generated 
overlapping the spin echo signal that is to be detected. 
Particularly, where 1'1=1-2=1'3=1'4, after the third spin 
echo signal, a stimulated echo signal due to the imper 
fection of the 180° RF pulse is generated at the same 
position as the spin echo signal so a false image called 
“artifact” is generated in the image of the third spin 
echo signal and the subsequent images. This seriously 
degrades the quality of the image. 
FIG. 3 is a timing chart for explaining another con 

ventional chemical shift NMR imaging method that is 
shown in Denshi Tsushin Gakkai Gijutsu Hokoku 
(Technical Reports of the Institute of Electronics and 
Communication Engineers of Japan) MBE 85-9. 

Generally speaking, if none of the X-axis, Y-axis and 
Z-axis gradient magnetic ?elds are applied, when a 90° 
RF pulse is irradiated and a 180° RF pulse is irradiated 
a predetermined time after the irradiation of the 90° RF 
pulse, then an echo signal is generated upon expiration 
of the same time as the above-mentioned predetermined 
time after the irradiation of the 180° RF pulse. This 
echo signal is called an echo signal due to an RF pulse. 

If a signal reading magnetic ?eld Gp is applied for a 
predetermined time period between the irradiation of a 
90° RF pulse, and the irradiation of a 180° RF pulse, and 
another signal reading magnetic ?eld Gp of the same 
intensity is applied after the irradiation of the 180° RF 



3 
pulse, then a spin echo signal is generated upon expira 
tion of the above-mentioned predetermined time after 
the commencement of the application of the later signal 
reading magnetic ?eld Gp. This spin echo signal is 
called a spin echo signal due to a gradient magnetic 
?eld. 
Where there are two chemical shifts, there are two 

different resonant frequencies. This means that the 
phase of the spin varies at a rate corresponding to the 
difference between the resonant frequencies. The pha 
ses of the spins are in alignment when an echo due to the 
RF pulse is generated, but in the case of spin echoes due 
to a gradient magnetic ?eld only such phases that are 
due to the application of the gradient magnetic ?eld can 
be aligned and other phases remain out of order. 

If this characteristic is utilized for staggering the time 
point of generation of the spin echo due to the RF pulse 
and the time point of generation of the spin echo due to 
the gradient magnetic ?eld, then it is possible to vary 
the phases of the signals having different chemical 
shifts, and a phase different proportional to the time 
difference can be generated. 
The above expression “two chemical shifts” means 

presence of two chemical shifts in the spins which are 
the object of the imaging of the slice. For instance, 
when an NMR imaging method directed to protons is 
used for imaging a human body, two types of protons, 
i.e., protons mainly of water and protons of fat are im 
aged. Protons of water and protons of fat have slightly 
different sensitivity to a static magnetic ?eld. Even 
when protons of water and protons of fat are placed in 
the same static magnetic ?eld, the static magnetic ?eld 
they actually sense differs slightly. The difference in the 
sensitivity is in the order of 3.5 ppm. In a magnetic ?eld 
of 1.5 T, the difference in frequency is given by: 

This value of difference depends on the physical prop 
erty of the spins which are the object of the imaging. 
Because of this property, the number of chemical shifts 
is determined. 
Where there are two or more chemical shifts, the 

phases of the spin echo due to the RF pulse and the spin 
echo due to the gradient magnetic ?eld can be varied, 
and the variation in the phases are proportional to the 
respective chemical shift amounts. Accordingly, in 
order to separate all the chemical shifts, the time period 
that is taken until the spin echo due to the gradient 
magnetic ?eld is generated must have a different value 
for each of the chemical shifts. 
The conventional method of separation will now be 

described with reference to FIG. 3. 
First, a 90' RF pulse F11 is irradiated, and by applica 

tion of a waveform K11 of the slicing magnetic ?eld Gs, 
the slice position is selected, and the disorder of the 
phases of the nuclear spins are recti?ed by a waveform 
K21 of the polarity opposite to that of the waveform 
K11. Upon expiration of 711 after the irradiation of the 
90° RF pulse, a 180° RF pulse F21 is irradiated to gener 
ate in combination with a slicing magnetic ?eld Gs 
(K31), a spin echo J11. 

In an ordinary imaging, the timing of output of the 
waveform I2 is so adjusted that the time period of appli 
cation from the rising edge of the waveform I2 until the 
peak of the spin echo J11 is equal to t, which is the time 
period of application of the waveform I1 of the reading 
magnetic ?eld Gp so that the peak of the spin echo takes 
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4 
place upon expiration of 721 (1'21 =1'11) from the 180‘ RF 
pulse F21. The intensities of the magnetic ?elds of the 
waveforms I1 and I2 are equal. In this condition, the 
phase variance due to the chemical shift and the reading 
magnetic ?eld Gp are canceled at the time point of 
occurrence of the peak of the spin echo signal J11. 
Where there are two or more chemical shifts, all the 
signals are obtained with the same phase at the same 
time. 
To separate the chemical shifts, the time period 1'12 up 

to the irradiation of the 180° RF pulse F22 is varied so 
that the phase variance due to the chemical shift and the 
phase variance due to the signal reading magnetic ?eld 
Gp are staggered. In this case, it is necessary that the 
slicing magnetic ?eld Gs be shifted to coincide with the 
irradiation of the 180' RF pulse. For this reason, even if 
the time period "r12 up to the 180° RF pulse F21 is 
changed the time point at which the peak of the spin 
echo signal In occurs is ?xed at t1 after the commence 
ment of the application of the second signal reading’ 
magnetic ?eld Gp. Accordingly, the phase variances 
due to the signal reading magnetic ?elds Gp is canceled. 
However, the phase variance amount (proportional to 
711) between the 90° RF pulse and the 180° RF pulse 
due to the difference in the chemical shift and the phase 
variance amount (proportional to 1'22) after the 180° RF 
pulse are not canceled because r12¢r22. For instance, 
assume that there are two chemical shifts and the differ 
ence in frequency between the chemical shifts is A f. 
During the time period until the occurrence of the peak 
of the spin echo signal J12, the phase variance amount 
21r-(Af)-'r12 due to the time period 1'12 and the phase 
ariance amount Zrr-(AD-rzz due to the time period T22 
differ from each other by: 
ti 277-030-712-27r~(A0-T22=27r-(A0-(T12—1'22) 

By adjusting the timing of irradiation of the 180° RF 
pulse F22 so that 27T-(AD-(T12-Tzz)=i7r, signals of all 
the chemical shifts (in the case under consideration, two 
chemical shifts) can be extracted with different phases. 
The phase of the chemical shifts of the spin echo 

signals J11 and J12 are opposite to each other so the signs 
of the signals are opposite. Accordingly, if the sums of 
the spin echo signals J11 and J12 are determined, there 
would not be signals of chemical shift of which the 
phase variance amount has been canceled. If the differ 
ences are determined, only such signals of the chemical 
shifts of which the phase variance amount has not been 
canceled are obtained. When the signals of the sums and 
the differences that have thus been obtained are utilized, 
various images of the respective chemical shifts are 
obtained independently. 
However, in the method of the chemical shift imag 

ing of FIG. 3, it is necssary to synchronize the 180' RF 
pulse F21 for signal collection and the waveform of the 
slicing magnetic ?eld Gs (K32) and shift them by the 
same time length, resulting in control dif?culties. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
problems described above with reference to FIG. 2 and 
FIG. 3. 
Another object of the invention is to improve the 

quality of the image with simple control. 
Another object of the invention is to remove the 

artifact due to the imperfection of the 180' RF pulses. 
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Another object of the invention is to enable separa 
tion of the chemical syhifts with simple control. 
According to an NMR imaging method of the inven 

tion, the phase encode amount applied to the respective 
echo signals in the same sequence of operation are made 
to have different values and it is ensured that the phase 
encoding magnetic ?elds Gen do not disorder the pha 
sea of the NMR signals and generate stimulated echo 
signals. 
According to another aspect of the invention, the 

time periods of application of the signal reading mag 
netic ?eld Gp applied between the 90° RF pulse and the 
,180' RF pulse are made to have different values, the 
number of which is equal of the number of the chemical 
shifts. By varying the time period of application of the 
signal reading magnetic ?eld, before or after the time 
point at which the spin echo due to the RF pulse is 
expected to occur, spin echo signals having different 
phase variance amounts due to the different chemical 
shift amounts are generated. Accordingly, the dif?cult 
control required for synchronizing the RF pulse and the 
slicing magnetic ?eld and shifting them by the same 
time length is no longer required, and two or more 
chemical shifts can be separated with simple control. 

Further scope of applicability of the present inven 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood 
that the detailed description and speci?c examples, 
while indicating preferred embodiments of the inven 
tion, are given by way of illustration only, since various 
changes and modi?cations within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of 
the present invention, and wherein: 
FIG. 1 is a block diagram showning a conventional 

NMR imaging apparatus; 
FIG. 2 is a timing chart for explaining conventional 

NMR imaging; 
FIG. 3 is a timing chart for explaining another con 

ventional NMR imaging method. 
FIG. 4 is a timing chart for explaining an embodiment 

of an NMR imaging method according to the invention; 
and 
FIG. 5 is a timing chart for explaining another em 

bodiment of an NMR imaging method according to the 
invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

An embodiment of the NMR imaging method ac 
cording to the invention will now be described with 
reference to FIG. 4. Reference marks identical to those 
in FIG. 2 denote identical or corresponding waveforms, 
time periods and time points. Q 
The imaging method of the present embodiment is 

identical to the conventional method of FIG. 2 in that 
the slicing magnetic ?eld Gs (B1) is applied to designate 
the slice plane at the same time as the irradiation of the 
90° RF pulse for generating the NMR signal. The slic 
ing magnetic ?eld Gs (B2) of the opposite polarity is 
thereafter applied to rectify the disorder in the phases of 
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6 
the nuclear spins, and the reading magnetic ?eld Gp 
(D1) is thereafter applied. 

Then, a 180' RF pulse (A2) and the slicing magnetic 
?eld Gs (B3) are applied, and a phase encoding mag 
netic ?eld Gen (C1) is thereafter applied, and then the 
reading magnetic ?eld Gp (D2, D3) are applied to gen 
erate a ?rst spin echo signal (E1), and another phase 
encoding magnetic ?eld Gen (C2) having a polarity 
opposite to that of the phase encoding magnetic ?eld 
Gen (C1) and having the same pulse area (the same 
intensity and the same time period of application, in the 
case under consideration) as the phase encoding mag 
netic ?eld Gen (C1) is applied. 
Then, the same control as was done for the genera 

tion of the ?rst spin echo signal (E1) is performed to 
generate a second spin echo signal (E2). That is, the 
180° RF pulse (A3) and the slicing magnetic ?eld Gs 
(B4) are applied and then another phase encoding mag 
netic ?eld Gen (C3) is applied. Another reading mag 
netic ?eld Gp (D4, D5) is then applied to generate a 
second spin echo signal (E2), and another phase encod 
ing magnetic ?eld Gen (C4) having a polarity opposite 
to that of the phase encoding magnetic ?eld Gen (C3) 
and the same pulse area as the phase encoding magnetic 
?eld Gen (C3) is then applied. 
Then, to generate a third spin echo signal (E3), a 

similar control is performed. That is, another 180° RF 
pulse (A4) and another slicing magnetic ?eld Gs (B5) 
are applied and then a phase encoding magnetic ?eld 
Gen (C5) is applied. Another reading magnetic ?eld Gp 
(D6, D7) is then applied to generate a third spin echo 
signal (E3). Another phase encoding magnetic ?eld 
Gen (C6) having a polarity opposite to that of the phase 
encoding magnetic ?eld Gen (C5) and having the same 
pulse area as the phase encoding magnetic ?eld Gen 
(C5) is then applied. 
Then, to generate a fourth spin echo signal (E4), a 

similar control is performed. That is, another 180° RF 
pulse (A5) and another slicing magnetic ?eld Gs (B6) 
are applied and then a phase encoding magnetic ?eld 
Gen (C7) is applied. Another reading magnetic ?eld Gp 
(D8, D9) is then applied to generate a third spin echo 
signal (E4). Another phase encoding magnetic ?eld 
Gen (C8) having a plurality opposite to that of the phase 
encoding magnetic ?eld Gen (C7) and having the same 
pulse area as the phase encoding magnetic ?eld Gen 
(C7) is then applied. 
The detection of the spin echo signals according to 

the above-described method are applied to a predeter 
mined matrix size, while varying the intensity of the 
phase encoding magnetic ?eld Gen. The detected NMR 
signals are rearranged in the order of the phase encode 
amount to reconstruct the image of the slice. 

In FIG. 4, the phase encode amount is decreased 
constantly for each spin echo signal, but there is no 
restriction on the manner of variation of the phase en 
code amount. The only requirement is that all the phase 
encode amounts are covered when the reading is re 
peated, the number of samples corresponding to the 
predetermined matrix size. 
The phase encode amount can be varied in a variety 

of manners. But it is preferable that the phase encoding 
magnetic ?eld Gen is reduced constantly as indicated 
by (C1), (C3), (C5)}and (C7) in FIG. 4 since the process 
ing will be easier if there is some rules in the variation. 

In the embodiment described, the number of spin 
echoes to be detected is four. But the invention is appli 
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cable where the number of the spin echoes is other than 
four. 
As has been described, the phase encoding magnetic 

?eld C1, C3, C5 and C7 are applied to detect the respec 
tive spin echo signals, and thereafter the phase encoding 
magnetic ?elds C2, C4, C6 and C8 having the opposite 
polarity and the same pulse area are applied so as to 
erase the effect of the phase encoding magnetic ?eld, in 
preparation for the application of the next phase encod 
ing magnetic ?eld. Accordingly, the effect of the pre 
ceding phase encoding magnetic ?eld is completely 
removed, and at any step of imaging, generation of 
stimulated echo signals due to the imperfection of the 
180' RF pulse can be suppressed and images of a high 
quality without artifact can be obtained. 
FIG. 5 is a timing chart for explaining a chemical shift 

imaging method according to another embodiment of 
the invention. Reference marks identical to those in 
FIG. 3 denote identical or corresponding signal wave 
forms, time periods and time points. 

Generally, to obtain slice image of a substance having 
two chemical shifts, two slice images must be extracted. 

In FIG. 5, J 1“ and J11, are spin echo signals that are 
generated when the signal reading magnetic ?elds Gp 
are applied for the time periods t21 and i222, respectively. 

First, the method of generating spin echo signals due 
to RF pulses will be described. The method of perform 
ing the ordinary imaging to collect the signals of all the 
chemical shifts with the same phase is identical to the 
conventional method shown in FIG. 3. 
To separate the chemical shifts, the time period 1'12 

from the irradiation of the 90' RF pulse until the irradia— 
tion of the 180' RF pulse is made equal to 1'11, the time 
period of application of the signal reading magnetic 
?eld Gp between the 90° RF pulse F11 and the 180‘ RF 
pulse F21 is varied (increased or decreased) to be t21 and 
tzz, respectively, so that the time point at which the 
phase variance of the signal reading magnetic ?eld Gp 
is canceled, is advanced or retarded as compared with 
the conventional method so as to be staggered with 
respect to the time point at which the phase variance 
due to the chemical shift due to the RF pulse is can 
celed. 

Since the time periods of application of the wave 
forms I11 and I12 of the signal reading magnetic ?eld Gp 
are varied to be £21 and tgg, respectively, and the time 
points of commencement of the application of the 
waveforms I21 and In of the signal reading magnetic 
?eld Gp coincide, the phase variance due to the signal 
reading magnetic ?eld Gp is canceled upon expiration 
of the time period t2; or t2; of application of the wave 
forms I11 or I12, after the application of the waveforms 
I21 or I22, that is 1-21 or 722 after the irradiation of the 
180‘ RF pulse. 
However, upon expiration of the time period 121 or 

1-22, the phase variance amount due to the difference in 
the chemical shift is proportional to the time period T11, 
T21 or 1'12, 1'12, so, assuming there are two chemical 
shifts, the phase difference is 27T-Af-(T11-7'21) or 
27T-Af-(T13——T33) where Af is the difference in fre 
quency. 

If the same time period ty of application of the signal 
reading magnetic ?eld Gp is adjusted so that the above 
phase difference 27T-Af-(1'11-711) or 211-Af'(7'13-—T12) is 
in, the phase of the chemical shift is reversed to that of 
the ordinary imaging, so the sign of the signal is re 
versed. The sum of or the difference between spin echo 
signal J 1a obtained with the application time period tzl 
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8 
and the spin echo signal J11, obtained with the applica 
tion time period tn in the ordinary imaging is deter 
mined so the spin echo signals J1a and J11, of the two 
chemical shifts can be separated. Accordingly, using the 
signals J1a+J11,, Ila-J11” chemical shift images are 
independently obtained. 

In the above embodiment, it is assumed that the there 
are two chemical shifts. But the invention can be ap 
plied even where there are three or more chemical 
shifts. In this case, the time period of application of the 
signal reading magnetic ?eld Gp is varied to have dif 
ferent values, the number of which is equal to the num 
ber of chemical shifts, so that the chemical shift 
amounts are varied by the predetermined phases. The 
collected spin echo signals can be subjected to Fourier 
conversion with respect to the phase amount for sepa 
rating the chemical shifts. 

If the time period of application of the signal reading 
magnetic ?eld Gp is made longer than in the ordinary 
case, the time period 1'22 becomes longer, the echo peak 
is retarded. If the time period of application is made 
shorter, the time period 1'21 becomes shorter. Either 
phase variance can be selected. 
By varying the phase, the timing for extracting the 

data for the signal collection is varied a little. As a mea 
sure against this, the timing for extracting the data can 
be shifted by the time period corresponding to the vari 
ation in the time period of application of the signal 
reading magnetic ?eld Gp. 
As has been described, the time period of application 

of the signal reading magnetic ?eld applied between the 
90' RF pulse and the 180‘ RF pulse is varied to generate 
spin echo signals having different phase variance 
amounts due to the difference in the chemical shift 
amounts before or after and after the time point when 
the spin echo due to the RF pulse is expected to occur. 
It is therefore not necessary to synchronize the RF 
pulse and the slicing magnetic ?eld and shaft them by 
the same time length, and the spin echo signals can be 
separated with a simple control. 
The embodiments of FIG. 4 and FIG. 5 have been 

described as applied to NMR imaging. But the inven 
tion is also applicable to the ESR imaging. 
What is claimed is: 
1. A method of magnetic resonance imaging compris 

ing the steps of: 
(a) generating a static magnetic ?eld through a sam 

ple to be examined; 
(b) applying a ?rst RF magnetic ?eld pulse at a ?rst 

slice select gradient pulse for designating a slice 
plane of the sample; 

(0) applying a ?rst signal reading gradient pulse; 
(d) applying a second RF magnetic ?eld pulse and a 

second slice select gradient pulse; 
(e) applying a ?rst phase encoding gradient pulse 
having a predetermined pulse area; 

(f) applying a second signal reading gradient pulse to 
generate a magnetic resonance signal from the 
sample; 

(g) applying a second phase encoding gradient pulse 
having a polarity opposite to said ?rst phase encod 
ing gradient pulse; and 

(h) repeating said steps (d) through (g) a plurality of 
times to construct a slice image on the basis of a 
plurality of said magnetic resonance signals from 
said repeated steps (d) through (g), an intensity of 
said ?rst phase encoding gradient pulse varied to 
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have a different value for each of said repeated 
steps ((1) through (g). 

2. A method of magnetic resonance imaging accord 
ing to claim 1, wherein siad ?rst phase encoding gradi 
ent pulse and said second phase encoding gradient pulse 
have equal pulse area and are rectangular pulses having 
equal magnetic ?eld intensity and time duration. 

3. A method of magnetic resonance imaging accord 
ing to claim 1, wherein said ?rst slice select gradient 
pulse comprises a ?rst slicing magnetic ?eld pulse for 
causing phase disorder in nuclear spins and a second 
slicing magnetic ?eld pulse having an opposite polarity 
to that of aid ?rst slicing magnetic ?eld pulse and hav 
ing the same energy for rectuifying disorder of phases 
of said nuclear spins. 

4. A method of magnetic resonance imaging accord 
ing to claim 1, wherein said steps (d) through (g) are 
repeated twice or more. I 

5. A method of magnetic resonance imaging compris 
ing the steps of: - 

(a) generating a static magnetic ?eld through a sam 
ple to be examined; 

(b) applying a first RF magnetic ?eld pulse and a slice 
select gradient pulse for designating a slice plane of 
the sample; 

(c) applying a ?rst signal readinggradient pulse and a 
phase encoding gradient pulse; 

(d) applying a second RF magnetic ?eld pulse; 
(e) applying a second signal reading gradient pulse to 

generate a magnetic resonance signal within a time 
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period of application of said second signal reading 
gradient pulse; 

(f) repeating steps (b) through (c) while varying the 
length of time said ?rst signal reading gradient 
pulse is applied and varying an intensity of said 
phase encoding gradient pulse to construct a slice 
image on the basis of a plurality of said magnetic 
resonance signals from said repeated steps (b) 
through (e). 

6. A method of magnetic resonance imaging accord 
ing to claim 5, wherein a time period from the applica 
tion of said ?rst RF magnetic ?eld pulse until the appli 
cation of said second RF magnetic ?eld pulse is ?xed. 

7. A method of magnetic resonance imaging accord 
ing to claim 5, wherein said magnetic resonance signal is 
output upon expiration of a predetermined time period 
after the application of said second signal reading gradi 
ent pulse, said predetermined time period being equal to 
said time period of application of said ?rst signal read 
ing gradient pulse. 

8. A method of magnetic resonance imaging accord 
ing to claim 5, wherein said time period of application of 
said ?rst signal reading gradient pulse is made longer for 
each repeated sequence of steps (b) through (e) so that 
the generation of said plurality of said magnetic reso 
nance' signals is retarded. 

9. A method of magnetic resonance imaging accord 
ing to claim 5, wherein said time period of application of 
said ?rst signal reading gradient pulse is made shorter 
for each repeated sequence of steps (b) through (c) so 
that the generation of said plurality of said magnetic 
resonance signals is advanced. 
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